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1
EXPANDER INTERRUPT PROCESSING

BACKGROUND

Serial attached SCSI (SAS) is generally a point-to-point
architecture that transfers data to and from small computer
system interface (SCSI) storage devices by using serial com-
munication. In a SAS storage environment, there are typically
three types of SAS devices: initiators, targets, and expanders.
The initiator is generally a device that originates processing
requests for a target and receives responses from the target.
The initiator may be, for example, a host bus adapter (HBA),
SAS controller, or other data storage controllers. The target is
generally a device that receives processing requests from
initiators and sends responses to the respective initiators. The
target may be, for example, an end device such as a SAS hard
disk drive, serial ATA (SATA) hard disk drive, solid state disk
(SSD), JBOD, and/or SAS tape drive. The expander is gen-
erally an intermediate device that forms part of the service
delivery subsystem and facilitates communication between
initiators, targets, and/or other expanders, among other func-
tions. Stated differently, the expander is a device that func-
tions as a switch and scales the number of targets attached to
an initiator, thereby creating a larger SAS domain.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples are described in the following detailed descrip-
tion and in reference to the drawings, in which:

FIG. 1 depicts an example system comprising an initiator,
an expander, and targets in accordance with an implementa-
tion;

FIG. 2 depicts an example flow chart of processes con-
ducted by an expander in accordance with an implementa-
tion;

FIG. 3(A) depicts an example timing chart associated with
various modes of expander operation in accordance with an
implementation;

FIG. 3(B) depicts another example timing chart associated
with various modes of expander operation in accordance with
an implementation;

FIG. 3(C) depicts yet another example timing chart asso-
ciated with various modes of expander operation in accor-
dance with an implementation;

FIG. 4 depicts another example flow chart of processes
conducted by an expander in accordance with an implemen-
tation; and

FIG. 5 depicts a non-transitory processor-readable
medium in accordance with an implementation.

DETAILED DESCRIPTION

The present disclosure is generally directed to processing
interrupts at an expander. More particularly, the present dis-
closure is generally directed to an intelligent manner for an
expander to process interrupts, such as interrupts associated
with Serial SCSI Protocol (SSP) and/or Serial Management
Protocol (SMP) commands.

As mentioned in the foregoing, an expander is generally an
intermediate device that forms part of the service delivery
subsystem and facilitates communication between initiators,
targets, and/or other expanders. More specifically, the
expander may establish connections between initiators, tar-
gets, and/or other expanders by receiving commands (e.g.,
Serial SCSI Protocol (SSP) and Serial Management Protocol
(SMP) commands) and routing these commands and/or data
associated therewith based on the SAS address of the target.
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2

In addition to high priority tasks such as routing commands
and processing interrupts associated therewith, the expander
may also conduct lower priority tasks such as monitoring and
controlling various environmental subsystem devices (e.g.,
temperature sensors, fans, and/or power supplies). While the
expander may typically handle both the high and low priority
tasks without issues, there are instances when the processing
of the high priority tasks (e.g., processing interrupts associ-
ated with SMP and/or SSP commands) starves out the pro-
cessing of low priority tasks (e.g., environmental processing).
In particular, SMP and SSP commands often require that the
corresponding interrupts be processed within a certain time
window (e.g., 1 ms), and therefore such commands receive
higher priorities than other tasks. In some situations, when
there are a large number of initiators sending SMP and/or SSP
commands to the expander at the same time, low priority tasks
may be starved out. This often results in Inter-Integrated
Circuit (I2C) protocol issues, intermittent false reporting of
data issues, and heartbeat timeout issues. These issues are
especially common in SAS fabric failure mode scenarios,
such as when SMP discovery of an initiator in the fabric
becomes trapped in an infinite loop, or when all initiators boot
at the same time and flood the expander with commands.

Various aspects of the present disclosure may address the
above-mentioned problems by implementing an intelligent
protocol to hold off SAS commands targeting a storage enclo-
sure processor (SEP) in a SAS expander in certain circum-
stances in order to guarantee execution time slices for lower
priority tasks. For instance, in one aspect of the present dis-
closure, a SAS expander may enter a first mode of operation
where the SAS expander processes interrupts. The SAS
expander may then enter a second mode of operation where
the SAS expander the processes interrupts for up to a prede-
termined time period (e.g., 100 mS) before responding to
SMP and/or SSP commands with a retry message (e.g., an
OPEN_REJECT (RETRY) primitive) in order to guarantee
an execution time slice for lower priority matters.

In another aspect of the present disclosure, a SAS expander
may comprise a workload scheduling module to cause the
expander to enter a first mode of operation where the
expander processes interrupts, and further to enter a second
mode of operation where the expander processes interrupts
for up to a predetermined time period before responding to
SMP and/or SSP commands with a retry message, and where
the expander conducts low priority processing functions dur-
ing the second mode of operation.

In still another aspect of the present disclosure, a non-
transitory processor readable medium comprises instructions
which, when executed, nausea SAS expander to enter a first
mode of operation, wherein during the first mode of operation
the SAS expander processes at least one of SMP and SSP
interrupts, and further cause the SAS expander to enter a
second mode of operation, wherein during the second mode
of operation the SAS expander processes at least one of SMP
and SSP interrupts for up to a predetermined time period
before responding to the at least one of SMP and SSP com-
mands with a retry message.

FIG. 1 depicts an example system 100 in accordance with
an implementation. The system comprises an initiator 110, an
expander 120, and a plurality of targets 130. It should be
readily apparent that the system 100 is a generalized illustra-
tion and that other elements may be added or existing ele-
ments may be removed, modified, or rearranged without
departing from the scope of the present disclosure. For
example, while the system 100 depicted in FIG. 1 includes
only three targets 130, the system may actually comprise
more or less targets or other components. Similarly, while the
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system 100 depicted in FIG. 1 includes only one initiator 110
and one expander 120, the system 100 may actually comprise
aplurality of such components, and only one of each has been
shown for brevity.

The initiator 110 may be, for example, a host bus adapter
(HBA). SAS controller, or another type of data storage con-
troller. The initiator 110 may have multiple ports for connec-
tion to internal and/or external targets. Each initiator port may
have a single physical link (e.g., a narrow port) or two, four, or
eight physical links (e.g., a wide port). In a SAS domain, the
initiator 110 may comprise Serial SCSI Protocol (SSP), Serial
ATA Tunneling Protocol (STP), and/or Serial Management
Protocol (SMP) initiator ports. The initiator 110 may gener-
ally function to originate processing requests for a target 130
and/or to receive responses from the target 130. More specifi-
cally, the initiator 110 may originate device-service and task-
management requests for processing by a target 130, and
receive responses for the same requests from the target 130.
Depending on the implementation, the initiator 110 may be
connected directly to a target 130 or indirectly via an
expander 120. Such connection may be made via, e.g., physi-
cal links consisting of two wire pairs connecting the trans-
mitter of a PHY in one device (e.g., the initiator 110) to the
receiver of a PHY in another device (e.g., the expander 120).

The targets 130 may be, for example, end devices such as a
SAS hard disk drives, serial ATA (SATA) hard disk drives,
solid state disks (SSD). JBODs, or SAS tape drives. The
targets 130 may include logical units and target ports that
receive device service and task management requests for
processing and send responses for the same to initiators 110.
As mentioned, depending on the implementation, the target
140 may be connected directly to an initiator 110 or indirectly
via an expander 120.

The expander 120 may be, for example, a SAS expander.
The expander 120 may form part of the service delivery
subsystem and facilitate communication between initiators
110, targets 130, and/or other expanders 120 (not shown).
More particularly, the expander 120 may establish connec-
tions between initiators 110, targets 130, and/or other expand-
ers 120 by receiving commands and data in one port and
routing them to another port based on the address (e.g., SAS
address) of the target 130.

The expander 120 may use direct, table, and/or subtractive
routing processes. The direct routing may be used to forward
commands and/or data to targets directly attached to the
expander 120. The table routing may be used to forward
commands and/or data to another expander 120. The subtrac-
tive routing may be used to forward commands and/or data
which the expander does not recognize to another expander
120 which does recognize the information. In addition to
routing, the expander 120 may monitor and control various
environmental subsystem devices such as temperature sen-
sors, fans, and/or power supplies.

The expander 120 may include a workload scheduling
module 140. Depending on the implementation, the workload
scheduling module 140 may be implemented in hardware,
software, or a combination of both. For example, the work-
load scheduling module 140 may comprise instructions
executable by a processing device (e.g., a SEP) to cause the
expander 120 to conduct functions discussed herein. Alterna-
tively or in addition, the workload scheduling module 140
may comprise a hardware equivalent such as an application
specific integrated circuit (ASIC), a logic device (e.g., PLD,
CPLD, FPGA. PLA. PAL, GAL, etc.), or combination
thereof.

The workload scheduling module 140 may be configured
to, as necessary, hold-off high priority tasks in a SAS
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4

expander in order to guarantee execution time slices for lower
priority tasks. More particularly, the workload scheduling
module 140 may hold off SAS commands such as SSP and/or
SMP commands targeting a Storage Enclosure Processor
(SEP) in the expander 120 in order to guarantee execution
time slices to lower priority tasks such as environmental
processing. Among other benefits, this may allow for guaran-
teed subsystem monitoring and control, which is of course
beneficial for enterprise storage environments.

FIG. 2 depicts an example flow chart of processes 200
conducted by the expander 120 in accordance with an imple-
mentation. In some implementations, such processes 200 are
conducted by the previously-mentioned workload scheduling
module 140. It should be readily apparent that the processes
depicted in FIG. 2 and other flow charts (e.g., FI1G. 4) repre-
sent generalized illustrations, and that other processes may be
added or existing processes may be removed, modified, or
rearranged without departing from the scope and spirit of the
present disclosure. In addition, it should be understood that
the processes may represent instructions stored on a proces-
sor-readable storage medium that, when executed, may cause
a processor to respond, to perform actions, to change states,
and/or to make decisions. Alternatively, the processes may
represent functions and/or actions performed by functionally
equivalent circuits like analog circuits, digital signal process-
ing circuits, application specific integrated circuits (ASICs),
or other hardware components associated with an expander.
Furthermore, the flow charts are not intended to limit the
implementation of the present disclosure, but rather the flow
charts illustrate functional information that one skilled in the
art could use to design/fabricate circuits, generate software,
oruse a combination of hardware and software to perform the
illustrated processes.

The process 200 may begin at block 210, where the
expander enters a first mode of operation. During this first
mode of operation, the expander freely processes interrupts
(e.g., interrupts associated with SSP and SMP commands).
Additionally, during the first mode of operation, the expander
does not conduct low priority processing functions such as
monitoring and controlling temperature sensors, fans, and/or
power supplies. Furthermore, during this first mode of opera-
tion, a task or thread associated with the second mode of
operation may be in a sleep state (e.g., “idle task™ to be
discussed with respect to FIGS. 3(A)-3(0)).

Thereafter, at block 220, the expander enters a second
mode of operation where the expander processes interrupts
for up to a predetermined time period (e.g., 100 mS) before
responding to SMP and/or SSP commands with a retry mes-
sage (e.g., an OPEN_REJECT (RETRY) primitive). In par-
ticular, once the threshold for processing interrupts in the
second mode of operation has been met or exceeded, the
expander may prevent SMP and/or SSP interrupts from
occurring by placing an expander component (e.g., an ASIC)
in a RETRY state which causes the expander to respond to
SMP and/or SSP commands (e.g., SMP and/or SSP open
connection requests) with a retry message. In addition, during
the second mode of operation, the expander conducts low
priority processing functions such as monitoring and control-
ling temperature sensors, fans, and/or power supplies. More-
over, during the second mode of operation, the expander
measures the amount of time utilized processing interrupts,
and adjusts the time associated with a subsequent first mode
of operation based on the measured time. Furthermore, dur-
ing the second mode of operation, the expander executes time
critical communication protocols (e.g., 12C, SMBUS;, and
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SGPIO), and while executing these time critical communica-
tion protocols, responds to SMP and/or SSP commands with
a retry message.

As described in greater detail below, the expander can
cycle between the first mode of operation and the second
mode of operation based on various timers and predefined
and/or configurable settings. For example, the expander can
be setup such that the expander enters the second mode of
operation every 100 mS. Hence, in situations where there are
a large number of interrupts associated with SMP and/or SSP
commands that would otherwise prevent or starve out low
priority tasks (e.g., during SAS fabric failure mode sce-
narios), the low priority tasks are still be guaranteed periodic
processing time.

FIG. 3(A) depicts an example timing chart 300 associated
with the above-mentioned first 310 and second 320 mode of
operation in accordance with an implementation. In particu-
lar, the timing chart shows two tasks/threads “running in
parallel.” The first task is the “SMP/SSP task™ 330, and it
depicts whether a SMP/SSP interrupt is being processed
(“ISR”) or not being processed (“IDLE). The second task is
the “idle task” and depicts whether this task is asleep
(“SLEEP”), being processed (“PROCESS”), or being inter-
rupted (“INT”). As mentioned, when the idle task 340 is
executing, low priority tasks are conducted and interrupts are
processed for up to a certain amount of time.

As shown in FIG. 3(A), during the first mode of operation
310, the idle task 340 is in a sleep state and the SMP/SSP task
330 freely processes interrupts, and monitoring and control-
ling of environmental subsystem devices does not occur. By
contrast, during the second mode of operation 320, monitor-
ing and controlling of environmental subsystem devices may
occur, but this processing may be interrupted to process inter-
rupts. If an interrupt does occur, however, the amount of time
required to process the interrupt is determined, and this
amount of time is subtracted from a subsequent sleep time.

For example, referring to FIG. 3(A), for the first 100 mS,
the expander is in the first mode of operation 310 and the idle
task 340 is in the SLEEP state. During this time, interrupts
associated with SMP and/or SSP commands are freely pro-
cessed. Thereafter, for the next 110 mS, the expander is in the
second mode of operation 320, where the idle task is in the
PROCESS state and may be interrupted for up to a predeter-
mined time period before responding to SMP and/or SSP
commands with a retry message. Moreover, during this sec-
ond mode of operation, the amount of time spent processing
interrupts is recorded, and that amount of time is subtracted
from a subsequent idle task sleep buffer. For instance, looking
at FIG. 3(A) the idle task 340 processing is interrupted for 10
mS to process an interrupt. This amount of time is recorded,
and the subsequent sleep time of idle task would be 10 mS
shorter. So, if the idle task sleep buffer is 100 mS as shown in
FIG. 3(A), the subsequent idle task sleep buffer would be 90
mS to compensate for the 10 mS spent processing the inter-
rupt.

FIG. 3(B) depicts another example timing chart 300 asso-
ciated with the above-mentioned first 310 and second 320
mode of operation in accordance with an implementation. In
particular, FIG. 3(B) is similar to FIG. 3(A), but depicts an
example when the amount of time spent processing interrupts
during the second mode of operation 320 exceeds the idle task
sleep buffer time (i.e., 100 mS), and therefore the SMP/SSP
task 330 enters a RETRY state such that the expander
responds to SMP and/or SSP commands with a retry message
(e.g., an OPEN_REJECT (RETRY) primitive) in order to
guarantee execution time for low priority tasks.
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More particularly, during the first mode of operation 310,
the idle task 340 is in a SLEEP state and the SMP/SSP task
330 freely processes interrupts. By contrast, during the sec-
ond mode of operation 320, the idle task 340 is in a PROCESS
state but may be interrupted for up to the idle task sleep buffer
time 100 mS) before SMP and/or SSP commands are
responded to with retry messages. In FIG. 3(B), the idle task
is interrupted for 10 mS, 60 mS, and 30 mS to process inter-
rupts. Because the total time spent processing interrupts (i.e.,
100 mS) equals the idle task sleep buffer time (i.e., 100 mS),
the expander transitions the SMP/SSP task 330 to the RETRY
state on that further SMP and/or SSP commands are
responded to with retry messages, and the expander can con-
duct low priority processing functions without being inter-
rupted. As mentioned above, once the threshold for process-
ing interrupts in the second mode of operation has been met or
exceeded, the expander may prevent SMP and/or SSP inter-
rupts from occurring by placing an expander component (e.g.,
an ASIC) in a RETRY state which causes the expander to
respond to SMP and/or SSP commands (e.g., SMP and/or
SSP open connection requests) with a retry message.

FIG. 3(C) depicts yet another example timing chart 300
associated with the above-mentioned first 310 and second 320
mode of operation in accordance with an implementation. In
particular, FIG. 3(C) is similar to FIG. 3(A), but includes an
12C state for the idle task 340. The 12C state is generally time
spent executing a time critical communication protocol with
another device which cannot be interrupted and therefore the
SMP/SSP task 330 is placed in the RETRY state. It should be
understood that while the 12C communication protocol is
shown in FIG. 3(C), other time critical communication pro-
tocols may be included such as system management bus
(SMBUS) and serial general purpose input/output (SGPIO).

More particularly, during the first mode of operation 310,
the idle task 340 is in a SLEEP state and the SMP/SSP task
330 freely processes interrupts. By contrast, during the sec-
ond mode of operation 320, the idle task 340 is in a PROCESS
state but may be interrupted to process interrupts for up to a
certain time period, or to execute a time critical communica-
tion protocol (e.g., 12C, SMBUS, SGPIO, etc.). For example
and as shown, the idle task processes for 20 mS before being
interrupted for 10 mS to process a SMP/SSP interrupt. There-
after the idle task processes for 20 mS before being inter-
rupted to execute a time critical communication protocol for
10 mS. During this 10 mS the SMP/SSP task 330 enters
RETRY mode to keep SMP and/or SSP commands from
potentially interrupting the execution of the time critical com-
munication protocol Once complete, the idle task enters the
PROCESS state again for 60 mS before entering the SLEEP
state.

FIG. 4 depicts another example flow chart in accordance
with an implementation. In particular, FIG. 4 provides a
detailed description of processes 400 conducted with respect
to the modes of operation in accordance with an implemen-
tation. Similar to FIG. 2, it should be readily apparent that the
processes represent generalized illustrations, and that other
processes may be added or existing processes may be
removed, modified, or rearranged without departing from the
scope and spirit of the present disclosure. In addition, it
should be understood that the processes may represent
instructions stored on machine-readable storage medium that
may cause a processor to respond, to perform actions, to
change states, and/or to make decisions. Alternatively or in
addition, the processes may represent functions and/or
actions performed by functionally equivalent circuits like an
analog circuit, a digital signal processing circuit, an ASIC,
and/or a logic device associated with an expander.
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The process may begin at block 405, when the expander
enters the first mode of operation. As mentioned above, dur-
ing the first mode of operation, interrupts associated with
SMP/SSP commands may be processed freely, as shown in
block 410. At block 415, the expander may determine if the
idle task sleep buffer is complete. If the sleep buffer is not
complete, the expander may continue to process SMP/SSP
interrupts. If the sleep buffer is complete, the expander may
enter the second mode of operation at block 420, As men-
tioned above and as shown in block 425, during the second
mode of operation, the expander may conduct low priority
processing functions like monitoring and controlling at least
one of temperature sensors, fans, and power supplies. In
addition, during the second mode of operation, the expander
may processes interrupts for up to a predetermined time
period before responding to SMP and/or SSP commands with
a retry message. Moreover, the expander may execute time
critical communication protocols (e.g., [12C, SMBUS, and
SGPIO), and while executing these time critical communica-
tion protocols, responds to SMP/SSP commands with a retry
message.

For example, at block 430, the expander may determine if
there is a time critical communication. If the answer is YES,
at block 435, the expander may respond to SMP/SSP com-
mands with a retry message while the time critical commu-
nication is being completed. If, on the other hand, the answer
is NO, the expander may determine if a SSP/SMP command
has been received. If the answer is YES, the expander may
process the interrupt for up to a predetermined time (e.g., the
amount of time associated with the idle task sleep buffer)
before responding to such commands with a retry message. If,
on the other hand, the answer is NO, the expander may deter-
mine if the idle task process time is complete at block 450. If
the answer is NO, the expander may continue to conduct low
priority processing functions. By contrast, if the answer is
YES, the expander may re-enter the first mode of operation.

FIG. 5 depicts an example expander 500 in accordance
with an implementation. The expander 500 comprises a
workload scheduling module 510 among other components
such as ports. PHYS, and the like (not shown). The workload
scheduling module 510 comprises a processing device 520
and a non-transitory processor-readable medium 530 con-
nected via a bus 550. The non-transitory processor-readable
medium 530 may comprise workload scheduling instructions
540, and may correspond to any typical storage device that
stores instructions, such as programming code or the like. For
example, the non-transitory processor-readable medium 530
may include one or more of a non-volatile memory, a volatile
memory, and/or a storage device. Examples of non-volatile
memory include, but are not limited to, electronically eras-
able programmable read only memory (EEPROM) and read
only memory (ROM). Examples of volatile memory include,
but are not limited to, static random access memory (SRAM)
and dynamic random access memory (DRAM). Examples of
storage devices include, but are not limited to, hard disk
drives, compact disc drives, digital versatile disc drives, opti-
cal devices, and flash memory devices. In some implementa-
tions, the instructions may be part of an installation package
that may be executed by the processing device 520. In this
case, the non-transitory processor-readable medium 530 may
be a portable medium such as a CD, DVD, or flash drive or a
memory maintained by a server from which the installation
package can be downloaded and installed. In another imple-
mentation, the instructions may be part of an application or
application already installed.

The processing device 520 may be at least one of a proces-
sor, a central processing unit (CPU), a semiconductor-based
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microprocessor, a storage enclosure processor (SEP), or the
like. It may retrieve and execute instructions such as fetching,
decoding, and the like to cause the expander 500 to operate in
accordance with the foregoing description. In one example
implementation, the processing device 520 may access the
workload scheduling instructions 540 on the processor-read-
able medium 530 via the bus 530, and execute the instructions
540 to cause the expander 500 to enter a first mode of opera-
tion, wherein during the first mode of operation the expander
500 processes at least one of SMP and SSP interrupts. The
instructions may further cause the expander 500 to enter a
second mode of operation, wherein during the second mode
of operation the expander 500 processes at least one of SMP
and SSP interrupts for up to a predetermined time period
before responding to the at least one of SMP and SSP com-
mands with a retry message (e.g., an OPEN_REJECT (RE-
TRY) primitive).

The foregoing describes a novel and previously unforeseen
approach to guarantee processing time at an expander for low
priority tasks such as monitoring and controlling environ-
mental subsystem devices. While the above disclosure has
been shown and described with reference to the foregoing
examples, it should be understood that other forms, details,
and implementations may be made without departing from
the spirit and scope of the disclosure that is defined in the
following claims.

What is claimed is:

1. A method comprising:

entering, by a Serial Attached SCSI (SAS) expander, a first

mode of operation, wherein during the first mode of
operation the SAS expander processes interrupts; and
entering, by the SAS expander, a second mode of opera-
tion, wherein during the second mode of operation the
SAS expander processes interrupts for up to a predeter-
mined time period before responding to at least one of
interrupts associated with Serial Management Protocol
(SMP) commands and interrupts associated with Serial
SCSI Protocol (SSP) commands with a retry message.

2. The method of claim 1, wherein during the first mode of
operation the SAS expander does not conduct low priority
processing functions, and wherein during the second mode of
operation the SAS expander conducts low priority processing
functions.

3. The method of claim 2, wherein the low priority pro-
cessing functions comprise at least one of monitoring and
controlling environmental subsystem devices.

4. The method of claim 3, wherein the environmental sub-
system devices comprise at least one of temperature sensors,
fans, and power supplies.

5. The method of claim 1, wherein the interrupts comprise
at least one of SMP and SSP interrupts.

6. The method of claim 1, wherein the retry message com-
prises an OPEN_REIJECT (RETRY) primitive.

7. The method of claim 1, wherein during the second mode
of operation, the SAS expander measures the amount of time
utilized processing interrupts, and adjusts the time associated
with a subsequent first mode of operation based at least in part
on the measured time.

8. The method of claim 1, wherein during the second mode
of operation, the SAS expander executes a time critical com-
munication protocol, and while executing the time critical
communication protocol, responds to SMP and SSP com-
mands with a retry message.

9. The method of claim 8, wherein the time critical com-
munication protocol comprises at least one of the Inter-Inte-
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grated Circuit (I2C) protocol, the System Management Bus
(SMBUS) protocol, and the Serial General Purpose Input/
Output (SGPIO) protocol.
10. A Serial Attached SCSI (SAS) expander, comprising:
a workload scheduling module to cause the SAS expander
to enter a first mode of operation, wherein during the first
mode of operation the SAS expander processes inter-
rupts; and

enter a second mode of operation, wherein during the sec-

ond mode of operation the SAS expander processes
interrupts for up to a predetermined time period before
responding to at least one of interrupts associated with
Serial Management Protocol (SMP) commands and
interrupts associated with Serial SCSI Protocol (SSP)
commands with a retry message, and wherein during the
second mode of operation the SAS expander conducts
low priority processing functions.

11. The SAS expander of claim 10, wherein during the first
mode of operation the SAS expander does not conduct low
priority processing functions.

12. The SAS expander of claim 10, wherein the interrupts
comprise at least one of SMP and SSP interrupts.

13. The SAS expander of claim 10, wherein the low priority
processing functions comprise at least one of monitoring and
controlling at least one of temperature sensors, fans, and
power supplies.

14. The SAS expander of claim 10, wherein the retry mes-
sage comprises an OPEN_REJECT (RETRY) primitive.

15. The SAS expander of claim 10, wherein the workload
scheduling module is further to cause the SAS expander to
execute a time critical communication protocol during the
second mode of operation, and while executing the time criti-
cal communication protocol, respond to SMP and SSP com-
mands with a retry message.
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16. A non-transitory processor readable medium compris-
ing instructions which, when executed, cause a Serial
Attached SCSI (SAS) expander to:

enter a first mode of operation, wherein during the first

mode of operation the SAS expander processes at least
one of interrupts associated with Serial Management
Protocol (SMP) and Serial SCSI Protocol (SSP) com-
mands; and

enter a second mode of operation, wherein during the sec-

ond mode of operation the SAS expander processes at
least one of SMP and SSP interrupts for up to a prede-
termined time period before responding to the at least
one of SMP and SSP commands with a retry message.

17. The non-transitory processor readable medium of
claim 16, wherein the retry message comprises an
OPEN_REIJECT (RETRY) primitive.

18. The non-transitory processor readable medium of
claim 16, wherein the instructions further cause the SAS
expander to not conduct low priority processing functions
during the first mode of operation, and to conduct low priority
processing functions during the second mode of operation.

19. The non-transitory processor readable medium of
claim 18, wherein the low priority processing functions com-
prise at least one of monitoring and controlling at least one of
temperature sensors, fans, and power supplies.

20. The non-transitory processor readable medium of
claim 16, wherein the instructions further cause the SAS
expander to measure the amount of time utilized processing at
least one of SMP and SSP interrupts during the second mode
of'operation, and adjust the time associated with a subsequent
first mode of operation based on the measured time.

#* #* #* #* #*



